Polycystic ovary syndrome (PCOS) is the most common endocrinopathy in women of reproductive age. Obesity may have a marked impact on both the development and progression of the syndrome. A high proportion of women with PCOS are obese. Regardless of the degree of obesity, women with PCOS are more likely to have central (abdominal) distribution of body fat, which is associated with insulin resistance and hyperandrogenaemia. PCOS is not only a reproductive disorder, but is also associated with significant increase in metabolic aberrations and cardiovascular risk factors. It has been shown that weight loss improves the metabolic and reproductive abnormalities that characterise the syndrome.
The polycystic ovary syndrome (PCOS) is a heterogeneous condition of unknown aetiology characterised by hyperandrogenic chronic anovulation. The syndrome was first described in 1935. Diagnostic criteria for the syndrome were defined at an NIH/NICHHD conference in 1990. These criteria are the presence of both hyperandrogenism (clinical and/or biochemical) and chronic anovulation and, importantly, the exclusion of other androgen excess disorders. PCOS can, therefore, be considered a diagnosis of exclusion.
In 2003, another expert conference, held in Rotterdam, included polycystic ovary morphology by ultrasound in the diagnostic criteria. Under the Rotterdam criteria, PCOS is diagnosed in the presence of at least two of the following three features: hyperandrogenism, chronic anovulation and/ or polycystic ovaries. 1 It is important to note that the ultrasound appearance of polycystic ovaries is not by itself diagnostic of the syndrome, as it does not confirm the function of the ovarian tissue. However, in a contemporary report, the Androgen Excess Society suggested that PCOS should be first considered as a disorder of androgen excess or hyperandrogenism. The absence of clinical or biochemical hyperandrogenism in the untreated state makes a diagnosis of PCOS less certain, regardless of the presence of ovulatory or menstrual dysfunction or the ultrasonographic appearance of polycystic ovaries. 
Epidemiology: prevalence and clinical features
The worldwide prevalence of PCOS is 6.5-6.8%, as defined by the NIH criteria. [3] [4] [5] The clinical features of the syndrome may change throughout the life cycle from adolescence to post-menopause. In adolescents, oligomenorrhoea, hirsutism and obesity are among the more common clinical problems. For reproductive age women, anovulatory infertility is a leading complaint. For the mature woman, obesity, dyslipidaemia, impaired glucose tolerance (IGT) and diabetes are common problems related to PCOS.
An overview of the pathophysiology and molecular defects in PCOS
PCOS is associated with defects in insulin action and secretion with profound insulin resistance (IR) [6] [7] [8] [9] and pancreatic b-cell dysfunction. 10 The current concept of insulin signalling defects in PCOS points to the element of tissue specificity, accommodating research data of a 30% decrease in insulin receptor autophosphorylation in adipocytes, 11 increased serine phosphorylation in the fibroblasts of 50% of PCOS patients, 12 and lower insulin receptor substrate 1 associated with phosphoinositide-3 kinase (IRS-1-associated PI3K) activity in muscle cells. 12 Extending the complexity and multiplicity of insulin actions at the ovarian level, IR and its attendant hyperinsulinaemia have been suggested to play a key role in the aetiology of PCOS. Interestingly, several studies have shown a potent synergistic effect of insulin on steroidogenesis in ovarian compartments, in spite of peripheral IR.
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Ovarian as well as adrenal steroidogenic abnormalities, which cause hyperandrogenaemia, have been demonstrated in women with PCOS. An intrinsic ovarian defect, possibly of genetic origin, may be present. 13 In support of this hypothesis, theca cells from PCOS patients uniformly show increased activities and expression of certain steroidogenic enzymes. 10 Additional manifestations in PCOS, other than insulin resistance and present in about 50-70% 6 include a clustering of metabolic syndrome features: obesity, dyslipidaemia, hypertension and IGT. 10 Young women with PCOS have higher risks for IGT and type 2 diabetes [14] [15] [16] and also demonstrate increased cardiovascular risk factors.
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Effect of obesity on pathophysiology of PCOS Obesity may play a pathogenic role in the development of PCOS in susceptible individuals, as well as exacerbating the clinical and metabolic features of the syndrome. Obesity is present in 30-75% of women with the syndrome 19 and has a negative impact. Women who are obese more often have severe hyperandrogenism (hirsutism, menstrual abnormalities and anovulation) than normal weight women with PCOS.
The distribution of body fat also has an important impact on the pathophysiology of PCOS. Studies have shown that 50-60% of women with PCOS have an abdominal distribution of body fat (central obesity), regardless of their body mass index (BMI). 20, 21 Kirchengast et al. 21 reported that lean women with PCOS had a significantly higher amount of body fat and lower amount of lean body mass than healthy women matched for age, weight and BMI. In the same study, a gynoid fat distribution was seen in all lean controls but in only 30% of lean PCOS patients.
In women with PCOS, intravisceral adipocytes behave in an abnormal way in terms of their effects on the metabolic and hormonal profile. This abnormal adipocyte behaviour is associated with defective insulin activity, leading to impaired glucose tolerance, hyperinsulinaemia and insulin resistance. The adipocytes also have an effect on steroid metabolism, and specifically on androgen metabolism.
There is a complex inter-relationship between obesity, insulin resistance and endocrine abnormalities in PCOS, the nature of which is still largely unresolved. Hyperinsulinaemia is likely to be a major mechanism underlying the pathological processes whereby obesity amplifies the clinical features of the syndrome since insulin in addition to the metabolic impact, stimulates ovarian androgen production, regulates androgen metabolism and influences follicular development.
There is no defect in the process by which insulin binds to its receptor in women with PCOS. Instead, visceral adipocytes are believed to express defects in insulin intracellular signalling. These intracellular defects in insulin activity are illustrated in Figure 1 . 6 This figure represents an adipocyte showing (at the top) insulin linked to its cell surface receptor (a-and b-subunits). The b-subunits of the insulin receptor increase serine phosphorylation, which inhibits the intracellular transmission of the insulin message in the adipocytes, and decreases tyrosine phosphorylation. This defect is, in turn, translated into decreased activity of the PI3K (phosphoinositide-3 kinase) enzyme, which is the key enzyme for recruitment of GLUT-4 (glucose transporter-4). GLUT-4 is responsible for the insulin-dependent glucose uptake by the cells, so the reduction in its activity can therefore result in decreased cellular glucose uptake with an increased risk of glucose intolerance and type 2 diabetes. The visceral adipocytes also show increased sensitivity to lipolysis, which is in keeping with the insulin resistance. The mechanism is believed to reflect the fact that the complex formed by protein kinase A and hormone-sensitive lipase is overactivated in women with PCOS. 22 The role of adipocytes on steroid hormonal metabolism in PCOS is also important. As shown in Figure 2 , adipocytes from centrally located adipose tissue can convert D-4 androstenedione to testosterone, a strong androgen, via 17-b hydroxydehydrogenase enzyme. Androgens lead to increased central adiposity. In turn, visceral adipocytes are able to convert inactive cortisone to metabolically active cortisol, which therefore enhances insulin resistance. The increased cortisol and testosterone then by a feedback mechanism lead to an increase in the degree of central obesity. 23 The adipocytes in PCOS therefore appear to over convert weak androgens to strong androgens. These mechanisms explain how obesity increases insulin resistance and hyperinsulinaemia in women with PCOS. This insulin resistance and hyperinsulinaemia is present in up to 65% of obese women with PCOS and around 20% of lean women with PCOS 24 and is interlinked with hyperandrogenism and anovulation. It is well known that hyperinsulinaemia has adverse effects on metabolic parameters. In PCOS, it has an additional detrimental effect on ovulation because insulin stimulates the production of androgens in the intra-ovarian tissue in these individuals. Human ovaries have insulin receptors and the hormone acts in two key enzyme processes in steroidogenesis: in the ovarian theca cells insulin activates the side chain cleavage enzyme and the complex of 17-hydroxylase and 17,20-lyase, key enzymes of androgen production. 19 These concepts are summarised in Figure 3 , which illustrates how as the degree of overall and in particular Role of obesity and adiposity E Diamanti-Kandarakis central obesity increases, androgen production increases and fertility decreases. At the same time, increased lipolysis from adipocytes also contributes to potentiate the degree of insulin resistance, which further enhances the reproductive as well as the adverse metabolic impact and the cardiovascular risks in women with PCOS.
Systemic sequelae
It is clear from the above that PCOS must be considered to be more than just a disorder of reproduction. It is also an important metabolic disorder and has systemic sequelae that can contribute to long-term morbidity. PCOS significantly increases the level of metabolic and cardiovascular risk factors. The Kaiser Permanente Northern California PCOS study included 11 035 women with PCOS, with a mean age of 30.7 years. Compared with age-matched controls, women with PCOS were found to have a significantly higher prevalence of several known cardiovascular risk factors, including hypertension, diabetes mellitus, dysfibrinolysis, elevated atherogenic molecules, dyslipidaemia and elevated triglyceride levels. 25, 26 In adolescent and young adult women, PCOS is also a leading risk factor for type 2 diabetes. Studies have shown that women with PCOS have an increased prevalence of IGT and of type 2 diabetes compared with control groups. 26, 27 Legro et al. 26 reported that the incidence of PCOS was associated with a significantly increased risk for IGT and type Role of obesity and adiposity E Diamanti-Kandarakis 2 diabetes at all bodyweights and at a young age. However, the risk is further increased in obese PCOS women. Figure 4 shows how the prevalence of IGT and type 2 diabetes increases with increasing BMI in this patient population. Inflammation is thought to play an important role in the progression and development of complications of atherosclerosis and there is evidence of low-grade chronic inflammation in women with PCOS, as indicated by elevated levels of the metabolic risk factors shown in Table 1 .
The clinical significance of the early markers of chronic inflammation in young women with PCOS remains to be assessed.
Management of PCOS
Management of patients with PCOS involves first lifestyle modification and specifically weight reduction, which aims to control the metabolic aberrations and reduce the cardiovascular risk factors.
Pasquali and Gambineri 41 have reported that moderate weight loss can improve risk factors in PCOS women. In their study, women were treated for 1 year with a hypocaloric diet. After only a modest weight loss (BMI was reduced from 38 to 34 kg/m 2 ), women were found to have significantly decreased degrees of hirsutism, improvement in their menses, a decrease in testosterone levels and insulinaemia, improvement in insulin sensitivity indices and an increase in HDL-cholesterol. With moderate improvement in their bodyweight these women, therefore, showed improvement in all parameters of the syndrome.
Pharmacological therapy has also been investigated to improve cardiovascular risk factors in women with PCOS. We have assessed the impact of the insulin sensitiser metformin on flow-mediated dilatation, a measure of early endothelial dysfunction and, hence, an early cardiovascular risk factor. Women with PCOS, despite their young age, had decreased flow-mediated dilatation compared with a control group. After treatment with metformin, there was improvement in endothelial function. 36 Treatment with metformin has also been shown to have a statistically significant beneficial effect on inflammatory markers. Six months' treatment was associated with a reduction in plasma levels of the cellular adhesion molecule sVCAM-1 and the independent cardiovascular risk factor, C-reactive protein. 40 The effect of weight loss induced by sibutramine has also recently been investigated. In an open label, randomised study, the effect of sibutramine plus diet was compared with diet alone on BMI and triglycerides in obese women with PCOS. After 6 months of combined treatment (sibutramine and diet), BMI and triglyceride levels were reduced significantly compared with the diet-only group (author's unpublished data).
Summary
PCOS is the most common endocrinopathy of women in reproductive age, affecting around 6.7%. In addition to the well known reproductive abnormalities characterising the syndrome, metabolic and cardiovascular risk factors are significantly increased in PCOS. Increased obesity and abdominal adiposity further aggravate the clinical, hormonal and metabolic parameters in PCOS and, if treated, can reverse most of these abnormalities to a clinically significant degree.
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